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ft. 



* («^5(: (2) tf, Ri-R4{±, ^tl^tm.±LX. C 
H3. H. F. C 1. Brt^th>-^j:hmt^^'mfi^fl. n 

= O-2-CS,0, 1Sw3^ (3) cf. Rb-Rsii, ^fl^ 
tMiL\^X. CHs. CI. Brt^lo^xhrn^ 

l^mmtl. n = 0~2T'ifcD. (5) n = 

1-1 2T'&0, ffiitie (6)4'. n=l-24t-S) 



CH, - CH- CH, - 0- X -0- CH, - CH- CM, 
\ / V 
D 0 

mm^ ( 1 ) 4ix{i. 
[-(1:2] 



(1) 




(2) 



(3) 



20 



-CH,-^^j^-CH,- (4) 

«jH-CK,-0>ir— (6) 

CH, 

-tCK,-CH,-0>^ (6) 



* 

CH, 



r I 

CHs-CH-CH,-0 -TYV^f — ^j^y-0--CH,-CH-a 
o"^ CH, Jn 0 



ca, (M) 



(«3g5(; ( 14) c^, n=l-3) ^#t>»ll*Il3-5 



^ (lijHit (7)4'. R9ti;C;^n-l OtOT;!^^;!/*. 
^fd±Hf S)0. n=l-2 4) t. 



R,-o- 



^1 



-H 



(8) 



(7) 



40 (8) n = l-^8) t, 

CH, 



-CH-Cfl,-0 ~r{o)~'' — ^^oJ-CH,-CH-Ct 

0^ L in, Jn \'' 



CH, (IS) 



(15)+. n=l~3) h. 
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CH, 



cu. 



HO-CHj — ^~~^CH;- 



OH 



■H (9) 



(10) 



imm^ (9) n=l-3) :'M-<> t 1 * 

Hj Hj Ha Hj 



Ut9] 
(19) 



f1» H; 



H2 



CHj ^CHa ^ — f CH2 JMi 

or 



o 



(20) 



irOil^iI 1-11 m^iniMzWM<n^'&.fim 
[■fCl 0] 



CHj + „■ X- 




(11) 



0 




OH CH,^S 




0 



(16) 



OR,, 



(fgjist (11). (16)4', Rioii, 7|<«IE 

7mW.T. CH3CO. CH3OCO. XtiSbF 
6, PFe. BFk As FeT-fcl.) Sr-^-tfif ^11 1 2t: 

msM 1 4 ] %mm^ $ ^>(;:#tfif ^ji i ~ 1 3 to 

[it*il 1 6 ] mtm'XMtK 7KS'ftv^:t^>-'>A. 

[ it*ii 1 7 ] iisii 1 ~ 1 6 ff)\,^-ftiMztm(n^ 



^ [If *i| 1 8 ] li^il 1 7 tclEis^^tl'tt^jiSfft J: 

20 [^BflfiOPffl^l^H^] 
[000 1] 

^^T'S) 'I.^A'X^' t^Mffl^-^ Wf4T'S) 0 . w^mi^ 
[0002] 

^if^^iraii, wmumzm^^fi. wmiz 
com. mmmmmmummzm i fztkmm v kmz t t 

[00 0 3] ^'^\tit--^miZi.-yXm.mKhZ)ii:f 

2oo°cn&zt.vm~t6t\-^btix\^6,. ^lx\ ^ 

50 '&FmmhLxm\-^Uz\i. it?)j;d^riSS^ftT 
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[00 04] Zcofzib, mmt LTJiTKmiScO^Sv^ 

[ 0 0 0 5 ] t^*. ^it^WMco-m^t Lxmmm. 

mwm^^^.tL. iotx;K^>fi}sg 

[*]tJ)l>„ X;};-=SrMSfIgti. ifa^?S{[itt(C«ff til, 

[00 06] ^^f^MT6-14SBas-^!-iV#^^^i:, ^Wt^r s y 

[ 0 0 0 7 ] TS y5S^b-^!ft!l{J:J:b«?W*«-^*M;5^^V^ 

[0008] 
[0009] 

CH, 



10 



20 



30 



LX. mzymmm^^^^'^it-tim-^t^^ 

Utl 1] 

CH,-CH-CH,-0-X-0-CH,- 



-CH-CH, 
0 



(1) 



(«ii5e ( 1 ) tti. 

Utl2} 

«1 



(2) 



(3) 



-CH,-^[[)-CH,- 



(4) 



«H-CH,-0>n~ (5) 
CH, 



— (CH,-CM,-0> 



(6) 



(mm^ ( 2 ) Ri~R4(i. ^ix^-ti?4iiLT. c 

H3. H, F, CI, BrA^£^^j:mii^hmiK^fl. n 
= 0-2"C'ftO. ffiits^ (3) R5-R8i±, 
hn±lX, CH3, Cl, B rA^(i>^|,Sf*^ 

^.StR^ix. n = 0-2-C-*'9, mm.^ (5) n = 
1-1 2-fS)0, «jtj^ (6) tf. n=l-24t-S) 
1.) (5Di,^-rixA\ fe^ufi, C3f>Ji-2 0<73T;l'^;t^a 
^^m^^iihll;i±.coit^')i^X'hl ) ^-^ti>^ ti^lff 
tLV-i^ |fiiax;K^>-^^^:*i, 

[^t:i 3] 



CH, 

\ / 
0 



[j-CH-CUj-O --^ ^ — C — ^ ^ — 0--CHi 



CH, 



-CH-CH, 

\/ 
0 



(14) 



(14) 4i, n=l--3) S:-^tfii:*i#iL 



r 



R.-O- 



-H 



(7) 



(IfjHjt ( 7 ) t^i, R9{iC;&n'-l 0 cOT/k^/l-S. 
50 ^f^(iHt:'$>D, n=l-24) fc. 
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(SiSs^ ( 1 5) c^n=l-^3) lOJSi /-^ 



Utl8] 20 
r 9", 




OR.L 



(11), ffijtit (16)+, Rioii, 7j< 



(9) 

CHi -'n nJi, 7K*M^-, CH3CO. CH3OCO, XtiSbF 

6. PFe. BF4. AsFsX'hl) i-^ts^l btmtL 

Ho-cH,— r~)-cH,-OH (10) ^\ ttz. ^mm^r^^lzf^ts- t mi- iK.wt'm 

{mm^{9)^. n=i--3) tfo^^^<i:t laiaji i^^'^^j^. TmitTJU^-'yj^m^^^Kthimai. 
Hs/ X ^q'^ X '^^^ < =i '5 Kmrnn i , »(ci§v s > s^(7)5gft^ij 

Ha Ha "2 Hg "2 "2 





'J^-^j:<ti,imVJ±?:^tsZtmi-tU\ § 40 l&HHSrlS7E-f"S tfOTii=5:V\ +l|0f!&atT, S-^JS; 
[-(1:2 0] ^ -fe^yjSii-^rfi-^jSi^iiLT^tf. x^Jfdr^-fiK^^tfi, 
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9 

[0011] *iEBf3Tii. ^^^yfi^Tirm-fb-^ftj, 

[0012] ifwmt. m^^-^b . m^wmm-^ 

A.x'^j:ummx'h . mit^^xmmt ttzt^ 
bi-i^m-^^mtim^w^Thi. mmizn. * 20 
moo ms:%(r>-&mt'^ 330 r ti± , ^ l < (i 3 5 0 
9. omM%&±. Si^(2ffst<{±9. 8a»%i.:JLh 

[ 0 0 1 3 ] X. i^itjDiTjEt;:iffflt{±. *»rHlft 

i&mmmmrx'(n»mm(omim(omim'mu'Em 

3SS(?)ffiT*vjN$ V^S^< . PJ;t(i' 1 9 O'CX 1 0 0 0 30 

ut\ mmtL<\mL^mw^Mzhh^bi)^i^>^ 
[0014] *^B^iOM-^fi£^t-{i, mnmm^Mt-^ 

t < (i; 2 0 0 TM&zmh mmmi^&mx-h ht\^o 

[0015] iiF-Wn<D:t.r^^>'mt\,z\±. Ai-^^^y^co 

m-^rmmm^^m^ ^xm-^i-^ .1 1 fpx-^ s xr^^f 40 

fz. mmm^-K^tit^mmMt^xttzisb, mms. 

i:\in±^-^i^ti]^x-^^. mmmzii, mnf. 

tLXli. 

Ut2 1 ] 50 



m2 0 0 3-6 6 189 
1 0 




tpmu^fzub. 

0-0- "» 

X'^^timmimhMtU\ ZcD^o^x. Ky-t^y 

MizAim ^ WMLfzMW&^i^-f h :^Tt^^ 'yWiiMi. 

[0016] x.-K^v-)ici]Si;, -aii«x4^°^i^'fh^!t^!l 
T'ij. ai:c?)X;}f=!fWI:-^^S-&tfct«T'S)-^Tt 

[0017] z.fit^(n:s.irsi^=y^%(;:,mmt. mmj}i 

<^im^-M^i)-^'&Ft^im:fh<n\Z-\^ii±. Ifftt 

<ii:9. OSi%i.:J,±, $^.«ftL<ii:9. SSi% 

^>^.^mmm y ^- -\- x 9 cnM'^.^]mm(rm\- 

Rimw.) iihuz^ ^'mmmi^z^^KmikM 
^^m-m.m<r>m-^m.i:^M.Lxmmmi,z-^>i^ t,ti 

[0 0 18] ^^J:d^j:mM'h. J^^^^ i^m^Mt L 

Kiimm^i-i^t-^Th-^x. mmwt. ttzim 
( 1 2 ) ttzimm^ (13) xm^tLi 1 3 

-mmm: ( 1 ) Tm^ti. ^^xi±, mm 

(2) (x(;+Ri^R4ii. 'fixWi.±LX. CHs. 

C 1, B n = 0 — 2T-S> 

I) . mm^^ (3) (j^43R5-R8i±, mmMjtt 

CH3. H. F. CK Br^>t,miK^tl. n = 0 

-2T$,§) , ffi^g^ (4) , (5) (j^^. n 

= 1-12), «^(6) n=l-24) 

[0019] tpx'h. 7m^ts:tmm:'\^co^<yyx-f}^ 
ffijHjS; (14) X'm^tii7mmaiiy.y 3: 

xm^-^i^iii. 

[0020] ^ ^izmm!^^:n^'titz^cof&j^t l 

X. fX7xy-;l'AMx;l^°^>' ( 1 5) ) & 
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(7) 

1 1 

R9{4C*n-l 0<7)r/kdf;pa. ttzitHVh^. n 

= 1-24) , (8) {^^,n = 1^8).t 

fzimm^ (17) imw-ti^btmtu\ 

[ 0 0 2 1 ] ft-^T. M^(3'«jt5t (1 4 ) t-. 

(15). «its ( 7 ) . «its ( 8 ) , mim ( 1 

7 ) *^A,5rl>P^^A,litK$ixl.^J'^5r< t ^ 1 lU±c^fb^ 

fj^-^X. ^^mc^):i^t^^>f&.'Mi. ffijts^ (14) X-^ 10 
5 ) . Sitit ( 7 ) , ffiits^ ( 8 ) . Sits^; (1 7 ) w 

[0022] z<r>m^. mm^-^^mzMi. mm. 

(14) cOyi<mM\ili'Xy .x.y-!l-Amx.7i^^iy^ 7 0 

R%aT. ( 8 ) {i2 5S^%aT. SjM ( 1 20 

7 ) (i 3 0 Si^itlT^T^iT-irO' t L 

[0024] t^^^yit-^mii. -mmz. mm^ 

(18) 

li\:2 3] 




30 



(«ii!*(18) Ri2. Ri3iiffL^-fx^4*LT, 

to^r ^ -fe y H £ ^r-r ^ -fb-^JfUT-* -? T i> J; V \ 
[0025] *^B^t3flM-rs^^-b^y^t^t L 



m2 0 0 3-6 6 189 
1 2 

fiftwt^ii, (19). »^ (20) m 

^ff^^hiz i. hmm^(^n^mmx^ h tzihxh h . 
ttz. i^^wmmM\z\t^ 'm\zmm&.mH-ifimt^ 

[0026] ■^^^^y^'jt\t. S-^Rg^t LT. x*° 
2om±i';3r^-fe^Wt^%S:fflV^|=it tt'^ 

^h^h LTJi. «3t5*: (19) co^^^^yjig^^tffl 

^ ( 7 ) c?)X;K=!f ffl^j"; (19) m^'z^ 

y^%}imm ( s ) cox^^s^i/BSc^, ffljgst (19) 

(17) <7)X;K^v-^ii-^f 

[0027] 3j-df-(r^ y\^'^-kn<-^fzn^mt(nmL 

JtiO-^JJ: LTi±, «3t5t (19) ^85. 5S»%>: 

^iisii (15)^14. 5%^ti'i>c?)*^*ifA>fL^<. a 

«jS^ ( 1 9) ^74. 0fi*%i:ffiji5t (2 
0)S:20. 0fi»%tffl^ (7) &6. 0%^tft 

[0028] S-^ffiMiJfc LTil. vy'f]}Vlk.. r=~t 

y^. i]^^y%m\,z^mti^tim-xwMxmM. 

-i^^F* L < m\^^,fih . i}&^y3^(r}m.^mmh lt 
i^^^ti^w-pj^aiic^f o ^fz. m:m.-^'km& 
"^^hzhf^x^hii^^ymA-^wmih \.x\m 
Wcm mxn^ry y c p y u ~7:^^m\\.^ 

(It) (OS I v-U-X\ ^J'M-t/lft'^lS (») CODA 
I CAT EX- l#;6W^>tll>. *^0J5T1iiiX^) 

[0029] 
[«1] 



9/26/2008, EAST Version: 2.3.0.3 



(8) 



m2 0 0 3-6 6 189 



1 3 



1 4 




X=SbFj 
UV1-6B74 

X=PF6 
UVt-6990 



UCC 
UCC 



X-SbF, Xi#Fs 
UVI-e970. UVI-B950 ^glgft 
{SR-170) (SP-150) 




DsgacursK1S6 
FX-512 

X=SbF« X=PF6 
PICOeiT PIC-062T 



Degussa 
3M 



9H3 PFs' 

CO "j: 



SbFs 



SbF. 



OCHj-C-CisHjs 




PhaSiO-CHa 
O2N 



UV-93S0C 



IOC-10 



CD-1012 



2074 



GE 



GE 



Sajtomer 



Rhofie-Pouienc Chimie 



Injga-cuiia261 Chiba-Geigy 



[00 30] m^mmmt »t t<(±. mm:^ 

(11) ^JtJi^WitiC (16) T^-^tLl^-^ib^mn 

^tii. m-^mmu, ^jji^^*^ 1 0 oMgpt 

[00 3 1] ^ih^z, if%m)mMMz\i, 7|c*^*M 



^-fhm-^iz^ mmw^^z^M-f^^tt^-z-^t., z. 

50 *«^^'*^fMJllS*'&Jttot?)^k-^i: LTtS. 
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[0032] =J-^~!mt LT{4. X;K^i^)^c^tC"5r?^ 

mumm^ ( 9 ) . tiitit ( 1 0 ) t' 

t < , 2 0 fiS%tJlTT-* S i fc $ i-o icif t L V ^ , 
[0033] a)j!cft«7K*-ir^l:i±i3[l§-ti:^^c^^>fL 

mmmszimw-z-^ mb lx s-^m^ihrn 
m^cor)i^-)i'Wrj:}iim^^i^bi>^mx'hi. 
[00 34] ^mmm.mi(0'ii^^mm\b Lxmm 

7j<4^^K. lE^'^K, 

[00 3 5] ±IE^*^«ftM«i:, fi^**^fflV^^>tL|. 
h U ■/ ^xitlicox;if=!f 

^t/;.}ElRftSr#i;-tix(f Wfegfi; l-200S^'n>- 
111^:0'' Sfi L<, 10-100i:?a yum^k 'OiJt 
L<, 2 0-5 0 S^nym^*i^t#i^LV\ 

mamt^mco^mmi^-kub-f^mm^mzMLxo. s 

/&iffi<. 2 0M%^S;t3tJl^{±*'>«'fb-^ 

[0036] :^%mui^mmb lt, ^-ut!?. r/i-s 
^i^fflv^^^ii, i/-^, 'mizii^tmmmwmMLx 

mmibLXff^mtJ-^yy^y. ^nAh;Pxy. 
[00 37] *l|0lltf^-i>$ljtf%tiiv^Tffiffl§iiSif 

'ft:~77"^->"^A{i2 0 cciSv^iSS-ctMcffft-rs 



1 6 



12003-66 189 



i^t^ffttv^ i*i(?5ilifi;c^J«om&P»{i:±fMM 
tl^fttti2 0-7 0M»%*^jff* L<. 3 5-6 0M; 

[0038] :^?tm^)mmit. mi^m. ^j;tHx;i;° 



mm I . i t B^ff^^tt^ piTO^&MS t ^cft, 
mtMzm-t>mimmmu~ti z b t j; oTiist-^ „ a 
-^^n-b ixit. mmf&^^ffmmzj:'yxhm^ti\ 

5 0 "C- 2 0 0 •'CC0WiS^I/Zi5 V -iT . 1 t^m-- 3 
10 imifroZtmftLW i so i -5 ^ Ju* 

2 SPtTiT '3 ; i; ^^i'ffi t < , 8 0 °C- 1 2 0 °C 

■<:-iBtrHi-2B^rBiJD#;it/'dt, 1 2 ox:— 1 s or-c-, 
2mm-'^3mmiiimmtizbi/^MtL\-^iiK mm 
ijm'^m^tmmztiizmi^^fi^i>ff)Tii^s\\ 
[0039]$ immmmm(D^^^mm 
izmmxBM ■ mm-t^tii^cDm^. m L<m-r 
xifimm.-ttzbf}^x-t^t. zcDko^^mmm^^ 
x^ji, '^>s]m^^:mj^ixmmtiztin'^i, m 

#fflT2000-9890-^i,^|g tH/S ^titz^^Xf' tc 
[0040] Cc7)j;5^:#-^A:7ff«3i»tcKI£§tL 

■g. sa^iftiatcfc V -i-c. § s s" * ^fflp;f t^ffl v ^ 1, ^ t )&^' 
-c-# , m^mizf^^^^mmth 1 b ^jk-^ i , 

[004 1] 

imm] OTtc. mmmm>'-^x:^mi:mmmm 
■ti.^j:ii. mrcommmii^^^mim&'tn^i^xn 

30 ^cl.\ 

[0042] mmnzaux. ^^mmm^mmm 

mmmiz^ M-i^wb Lx^mitT>iz-^j^^7mit 
v^-:t^>">j^^^^*<7)6osa%ga, Rt/'^'\i^m 

m\b LTM^:*'>*^^0:^'^«'fl:■|rftSr^*^0 IM* 

ML^\>'^iiCDif^'bb Lfz. 
40 [0043] f^'ii^mWMizti^t^tihmVc LXll, 

» (w^jii^fc LxmmmmB^b LxMfwco 

^^'fmm^mmm&s&mc'Mitb iximAm^miz 
^mmtb7i^m:^Aimmifz. mm^mii. # 

50 m^nrFi^zxm&Lti. ttz. fiiitt;*to^>fi^7R« 
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[0044] [mmm i ] x;n°df ^-fsigt lt, tki 

(») YL6 6 6 3. Wjtst ( 1 4 ) ) lOOg 

^-f^y^m^MteMS 1-8 0 (fflitS ( 1 

1 ) ) & 1 giant, M^mmwmm^itx-^<m 
7i<»-^irS(±9. 8ss%ti± ( 1 om^%n&a 

±) -C'*JpfB&S^Lit„ ^^t, aji5,ftl^80°Cx30inin 
GHzX'Om^Uz. l»Al}Si^-(?)}iS^fff±RT-600°C 
fz.m&co^^. 2Q0°CT-c^S*Sl¥*9 9. 5S» 

[0045] Lmmm2 l x.t^^^Mgt LT7j<«?3sJg 
fx 7 X y-;PASx4t^>'fflli ( Y L 6 6 6 3 , «^ 
5^(14)) 84. 6gt. h'X^xywt-ASx^K^ 

>tMi (iift^x/^x.t°^> xta-h82 

8. ffljtj^: (15) ) 15. 4g2r&T&-L/-cijC=0(C;*-f- 

yfy^m-^mitms i - s o («jtst ( ii ) ) ^ i g 



(10) I 

1 8 

tuh'x 7x7 ~}PAm:i:^^ i^' 
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g (YL6 663. 



mob. 



if'mzxmmmm^co7mmmm^uzm^. 
*#**ii9. smRxm&Txmimms^uz. - 

±fEtfitti^)IK#ffl^JjimftS:80°CX30niin+150 

°c X 2 hrTSfbs ^ . mmm 1 1 isHicD:^a;(cTiKiM 
m^j'^imj^ttzm^. 2oo'CT-^7)itss#*9 9. 5 
a*%iiLh, aasff*9os*%c?)aa>&J3 8o°ciii 



[0 04 6] [' 



3] x^^-^^i^fflit LT, 7mm 



JUt'X 7 X y-;l- AMxtC^ i^mm ( Y L 6 6 6 3 , ffi 
5Ss(^(14))74.8g. ^'ttgllSSx;i^^>'OTI 

(^'^■fe;Hb^ (If) EHPE3 15 0, Sjtj^ 
( 7 ) ) 2 5 . 2 g SriFt^ L , 110 'CtCfm L T E H 

PE3 1 50 mm) mmwi>tT^<miftfz. e 
HPE 3 1 5 ommmmmzmiL. mw,imtx'Mm 
fjmTLtzt,Ai-ty^M^mm\s i - so mm 
(1 1 ) ) ^ 1 s^jpl. m-^mmmm-titx'^ 
KtmLx^^^mmmizm-^mmmmt Ltz. 
mmmm^iDimt-^mws&Ltz'^^, tK*^** 
ii9. 8m^%me.xmmmm&Lfz.. -s-, ±fB4i 

tt^}iK«fflffi[SiaB!<.ftS:80°C X30min+150°CX 2 hrX 

w^f^^. mmmi bmm<^iomizxmmM.m^mm 

L/iSSS, 2 0 0°CT-t^SfiSl¥*9 9 . 5ga%@ 
S1;S#*9 0MS%f0SEA^3 9 0°CVXttm>^ 

[0047] [||ffe^j4 ] Jirti^i^mmt LT , 7K«?a 



^(i4))79.4gt. mmm:iimi-mm if 

A-^Mf^ (m -tn^t?-^ F 2 0 2 1 P , Sj^st 
(8) ) 2 0. 6 siift^Lfzi,ff)^ztii-ty^-m;m 

1-8 0 (ititse (11) ) ^ 1 gi^jpt, fi^ 

iite^iJ*^'J§»|-t t TS < «ff LT ^e^Mffiffffltffl 

10 X 30min + 150"C >' 2 hrTg-fb^ li: , MMM 1 t NSfO;:^ 
i£tTfiSa:S:^~&}i5Et^cglll, 2 0 OrTiOfiSS 
#^9 9. 5fifi%l.:J.±, a4S#*9 0fiS%tO?£S 

ifi3i o'c]::xi.bm^xB:Wj:mm&. mSi'm.i^L 

tz._. 

[0048] [HffiM 5 ] x.-^°df ^-fifflii: LT/KS^an 
b'X7xy-/PAax;K^S^itli (YL6 6 6 3. It^ 
5t ( 1 4 ) ) 8 . 2 3 g t f;^7 X y-;PAMX;K^i/ 
laig (xfrj- 1- 8 2 8, ffiiiit ( 1 5 ) ) 8 . 8 5 g 
fliSSx.t.°^^|iJ| (^r0^^f^ H2 0 2 1 P, ffl 

20 3gj(i(8) ) 8. 8 5g^?l-^L./;*>«otc;<r^3j-y^a 

^ISMiJS I -8 0 («3t5t ( 1 1 ) ) & 1 gv3!jBL, 
m^i3te^y*^'i§tlt-l> t T^ < «Jf LT ^''tt^jIfKffffl 

^zm^.^m^m'mt Ltz. mmmm^<^)7m^^i 
^m^Ltim^. 7m^-^mi9 . 8a»%sj8T»2p 

80'Cx30miii+150rx 2hrT-S^t;S-1i:, WkfW tnW. 
c^-^m^zxmMM.W&-km'^Lfz'i^^, 2 0 0°CTiOM 
g^#$9 9 . 5M%JiLii, aSS#$9 0M;%<7) 

?aK*5 3 8 o°a:JLhtfiii6T.aiif^BiKHf . s^stt^ 

30 S^tfCo 

[0049] [HSfiM 6 ] X4?^ i/tfflg t LT7K«&!lD 

\zX 7x7 -;PAfflx4^°3f f HI ( Y L 6 6 6 3 , Sit 
it (14) ) 80. 9 gth■'X7x7-/^AS!x;^°^>' 
fflJj| (Xt°3-h828. ( 1 5) ) 9. 55g 
t^'fftglilSSx;K^>'^j]|(EHPE3 1 5 0. ffijg 

1^(7) ) 9. 5 5g^}M-&L, 110°CtfmLTE 

H p e 3 1 5 0 mm timmt h t x-& < mn vtz „ 
e H p e 3 1 5 0 mm^mi^izmm i , Mia#3£ t tis 

JK3!)^ffiTLfci^;i?^5j-y^M-^M*SSiJSI-8 0 («it 

40 5t ( 1 1 ) ) ^ 1 g»L, s^Bfmij*i?§sit-ss-c 

^<Sf#LTtl5tt^iiiK«ffltfflt^^fflm)3!cfti: L 

^m±9. smRxmrnxw^mm^Ltz, ± 

f B4itti^ii«Wfflffl§IMf4j^ 80°C X 30inin + 1 50°C X 2 

hrT-«€s-tt, mmmi tmm<numi,zxmma.m'j'-^ 

m^Uz^^. 2 0 0rT<50fiia#^9 9. 5mi:% 
JiLh, fiSSW9 0Sfi%(7)S«*^'3 9 0°CiiLhi:ffi 

[0050] [^*M 7 ] x.-t.°df ^-iflit LT7}c«3ISd 
50 f X7 X 7-;l/AMx*r^i/i||g ( Y L 6 6 6 3 . «ii 
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m*Moo°a:Ji±i:ffi*^Tft#^B»ft, i^stt^ 

[00 52] [||H^J9 ] X.t^^i-Mit LT**?3sJP 
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t-i> ^ ■c-ii< «tf Lx^'^'^mwMm^zmv^mmm.WL 

7}c«'i-*g«i;9. sm.m%m.&xmmm.^m^Lfz. - 

-H. ±lS*tt«KfffflMJjl«^!i^80°Cx30min+150 



°CX 2hrT'mS^, HSfiM 1 i: |S|«iO:^lCT»l 

mif^m&Ltzm^. 2oo°c-ci7)M*^#*9 9. 5 
[0053] mmm 1 0 ] x^j^^MSHifc tT7K«^ 

jDfX :7 X y AMx;^°^ >^tsii ( Y L 6 6 6 3 . ffi 
jSjl: ( 1 4 ) ) 6 6 . 1 g tIiSMx;^°^ixt|f|i (^rn 
K 2 0 2 1 P. ffijiit (8) ) 23. 9gt. 

10 m(lO) ) IQs ^JM-^L, 1 0 0°CtfmLT>- 

mz-mx^. mm'&t.x-m.if^uzSoi}^i^y^ 

fi-^nte^'js 1-80 {mm ( 1 1 ) ) ^ 1 &tM 

mmzm^^mmmMt Ltz. mmm!m^<r)7m-^ 
wfi^riiSLf^ism. 7m^^m±9. 8sa%fv.rc 

tlSr80°CX30min+150°Cx 2hr-C-il{bS-li:, BMKS^- 
20 ^MgL-TtfeH. 2 0 0T;-Cfi0afia#$9 9. SMfi 

S*S#:*9 0Si%(7)ffla//3 8 Q-'CliLLt 

[0054] mmm ii] xu. '^^^mmm 

:r.^^^>mmb LXTiimmu^'X y x y-;^AMx;^°^ 
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tti'xyxy ASx.-K^f i/Sfli ( x t° 3 - h 8 2 
8. mm ( 1 5 ) ) 6 . 54 g tH^x^Kdfi^ffiH 
(-bn^-t-^' K20 2 1 P, Ifjti^ (8) ) 6. 54 g 
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5^(7) ) 6. 54g^?FE-^L, 1 1 0°C{=«fifLTE 

HPE3 1 5 0 mm) mmm-itxB:<mwLtz. 

E H P E 3 1 5 0?f»f*. ymit-^y^-^i^-^J^i: 1 4 
6. 5gtM^t*'>*3. Sg^ii^.Jitftl 7 0r 
X2hrffiSL^:, 1 7 0°CX2hrffi^^S?mcTj5: 

^mm\s 1-8 0 (ffiitj^; (ID) &2 g»t^ 

t=^*bj^^xi,7i<«#fl-i(7)ast Lxi±. ym^^mm 

40 *>'o .09 6 s/cmn:)±xhh, mmLtz^'\i'¥-mm 

WMlJCOTkiR^^r^ft^ifflSL/cfell, 0. 0 9 6g 

/cm^ a±vmmm&L fz. mm&Ltzmm 

±9if^^TMmwmmmimm^ 1 7 o °cx 4 h r 

SLJtS*. 2 0 0r-C(7)MS#^9 9. 5mi%a 

±. fifisw9 osa%(?)a«AM 0 o°ciii±tSii^ 
^^ffl^^t^^Af*. i9o°cxioooh rc^mmm 

50 Asfc^^ff-'^^So BESI^^JKJilSWcib^l . 4fgJiLh 
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Ogf^Ft^t, 1 0 0°C(CftStTiJ:^t:V-;l.HB 
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fz. mmmtmmiz. ym^^mi±&-»mizi^ . m 

[00 57] [hmm 1 ] x.t^^i^fflii: Lxmmm i 

t N^soffiigst (14) T'^§ix.S,7K*^Jl]t''X7xy 
-;kASX;K^>^^|i (fWb^-x/t-X^JfJf^d*). YL 

666 3)82. 5 gfc. s-fbfflfc LT^ y*nyi^'r 

5yi7. 5g&^<«#tT4^'l4^iijiffffltffll^-g. 

m\>^tzf^^^m&m<Dimm^ir:i-h<DThi>, mmm 

mk'^^y^m^^mmimLtzm^, 7f<*#*M«9 . 

WtfflfflMMtl^ sot: X30inin+ 150X: X 2 hrt'S-ftlS 
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2 0 0°CT-tOMl:aW9 9 . 5MS%gg, SM 

9 0 fis%cofi«*i 3 0 0 "cmmTh ^ . mmm 

izT =i ymmim^&.f^-th}^.*^±^ <mts':>-(:\>-^h 
mmm 1 1 tmm 1 1 cotmij^^mmm i cox o izm-^ 
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$yi8. 6g^^<iS#LT*tt^3iffi«M=ffli.^l. 

mmmmiDt uz. mmmf&m^<?)7m'^^mmi^b 
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fi*%<7Jiag^i3 5 0°CS;KtBi5tt, ii^Stttim*^ 

-otz. z(^m.^mimm&. ^^muzammtiK 

20 [00 5 9] [J;t!Ki5lJ3] x^dri^tfliltLTfX^x 

/-/L ASX;f:3r vfflSg (Xta- b 8 2 8, m^.^ 

(15)) ii^^-'jrsya^^^^iiiLsy&i : 1 at^mm 
mzmittih ) w^x-^iS/^-mfLx^^'mMM 
m\:zm^mmimMtLtz. mmmM^<^ym-^-^ 
M^ii^tL^ctem, 'j<*#**(±9. sift5.%].:i±T-a 

&80°CX30min+150°CX2hr-C-®-ft;§-1i:, 

m<n-):'mzxwmsmfim'&Lfzi^^. 2 0 or-rso 
mg^#S9 9m«°^i'iT. fiia#¥9oa*%(7)fa 

fiXV^hZt-h^hfj-'h,, 

{ 0 0 6 0] [ \mm 4 ] x;^°^ i^tsu 1 1 t y 7°n 

X-T-;I^t:a»L/v:«j§&^X;K^Mffli (X;K^i^ 

40 1 9 0 ) 8 1 . 7 g fc , Slfcfflt LXA y*oyi^' 
T5yi8. 3g&^<jlf¥L-C4itt^MSffffltffl^^ 
SSHmifli: Lit. 1S)il*MiJ*i^*S^«S-iB!lg 

L/^sa, 7K*-^*g{i9. 8ag%ti±-c-s*ffl^}S 

&Ltz. -U. ±lB43tt^iIffiffffltMI*Mft^80°Cx 

30min+150°CX2hr-C-«-fl:$-tt. Mfi^J 1 t Ra^^^ffi 
(=TSSfii«^^^ai5gL!tS^. 2 0 0'C-C<7)a*?»# 

*9 9. 5fiS%iilT. SfiSW9 0Sfi%t^ja«*^ 

2 5 o-css^sT-* D . mmm(^)-mtitmLxmm 

50 [006 1 ] [JrbKiJiJS] x^dfi^tfHgfcLTl , 6^^ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by connputer. So the translation nnay not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the constituent for neutron shielding materials. It 
is the material applied to the cask which are storage of spent reactor fuel and a container for 
conveyance, and is related with the constituent for neutron shielding materials which heat 
resistance improved and secured neutron cover nature. 
[0002] 

[Description of the Prior Art]The nuclear fuel used in nuclear installation, such as a nuclear 
power plant, is transported to a reprocessing plant, and reprocessing is usually presented with 
it. However, since the yield of such spent reactor fuel is over rework capability, the necessity of 
carrying out storage storage over a long period of time has produced spent reactor fuel now. 
Under the present circumstances, spent reactor fuel is paid and conveyed to the cask which is 
a neutron shield vessel, after being cooled by even radiation levels suitable for transportation, 
but emitting radiation, such as a neutron, also in this stage is being continued. Energy of a 
neutron is high, and since a gamma ray is generated and a serious injury is done to a human 
body, development of the material which covers this neutron certainly is needed. 
[0003]Although it is known that a neutron will be absorbed by boron, in order for boron to 
absorb a neutron, it is necessary to slow down a neutron. It is known that hydrogen is the 
optimal as a substance for slowing down a neutron. Thus, many atoms of boron and hydrogen 
need to be included as a constituent for neutron shielding materials. Since spent reactor fuel 
which is a source of release of a neutron produces decay heat, if it is sealed for transportation 
or storage, it will generate heat, and serves as an elevated temperature. Although this 
maximum temperature changes with kinds of spent nuclear fuel, in the spent nuclear fuel 
corresponding to the degree of high combustion, it is said that the temperature within a cask 
reaches even near 200 **. Then, in order to use as a neutron shielding material, the thing 
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which is a storage rule of thumb of spent reactor fuel and which can be borne for about 60 
years is desirable under such high temperature service. 

[0004]For this reason, use of a substance with hydrogen density high as a shielding material, 
especially water is proposed, and practical use is also presented with the part. However, since 
water is a fluid, it is difficult handling and does not fit the cask especially aiming at 
transportation and storage. There is a problem that it is difficult to press down boil within the 
cask which amounts to not less than 100 **. 

[0005]Conventionally, the resin composition was used as one material of a neutron shielding 
material, and the epoxy resin has been used for one of resin compositions. Generally, the 
hydrogen content of a resin composition and heat resistance are in reciprocity relation, and 
what has heat resistance low [ what has many hydrogen contents ] heat resistance and high 
has a hydrogen content in a low tendency. Although an epoxy resin is excellent in heat 
resistance or hardenability, since it was in the tendency little content of hydrogen 
indispensable in order to decelerate a neutron to be, its method of compensating this with the 
hardening agent of an amine system with many hydrogen contents was common. 
[0006]While reducing viscosity and raising tlie workability in ordinary temperature using a 
polyfunctional amine system epoxy resin, the constituent for neutron shielding materials 
excellent in pot life is indicated by JP,6-148388,A. The neutron shielding material which made 
JP,9-176496,A harden the constituent which consists of an acrylic resin, an epoxy resin, 
silicone resin, etc. with the hardening agent of a polyamine system is indicated. 
[0007]Since an amine compound has comparatively many hydrogen contents, the absorption 
effect of a neutron improves, but heat is easy to decompose combination of carbon and 
nitrogen which are contained in an amine system hardening agent. Therefore, development of 
the constituent which has endurance required in order to store and keep the spent reactor fuel 
corresponding to the degree of high combustion newer than the neutron shielding material 
which consists of resin hardened with the hardening agent of the conventional amine system is 
desired. 
[0008] 

[Problem(s) to be Solved by the lnvention]An object of this invention is to provide the 
constituent for neutron shielding materials which heat endurance improved more and secured 
absorption of the neutron compared with the conventional constituent. 
[0009] 

[Means for Solving the Problem]This invention provides a constituent for neutron shielding 
materials containing a polymerization initiator, a polymerization component, and a boron 
compound. This invention provides a constituent for neutron shielding materials which does 
not contain a hardening agent. As a polymerization component, it is preferred that an epoxy 
ingredient is included. It is preferred as an epoxy ingredient that especially a hydrogenation 
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type epoxy compound is included. Here, tlie hydrogenation type epoxy compound refers to an 
epoxy compound of tlie benzene ring wliicli maintained cyclic structure and raised content of 
hydrogen, although hydrogen is added in part at least and some conjugate states of the 
benzene ring are broken. This invention, [Formula 11] 



CH,-CH-CH,-0-X-0-CH.-CH-CH. 
0 0 



(I) 



(The inside of a structural formula (1), and X) [Formula 12] 



(4) 



(3) 



CH-CHs-0>ip- (5) 



— fCHg-CHi-0>ij— (6) 



(R^ - among a structural formula (2)) It is independently chosen from the group which 

consists of CHg, H, F, CI, and Br, respectively, are n= 0-2, and Rg - Rg among a structural 

formula (3), It is independently chosen from the group which consists of CHg, H, F, CI, and Br, 

respectively, either of being n= 0-2, being n= 1-12 among a structural formula (5), and being 
inside of a structural formula (6), and n= 1-24, or one or more compounds in which C is chosen 
from the alkyi group of 1-20 ~ it is ~ containing is preferred. Said epoxy ingredient, [Formula 
13] 



-CH-CH,-0 --( >— C — ( )— 0--CH,-CH-CH, (14) 
0 ^ CH, -'n 0 



(structural-formula (14) It is preferred inside that n= 1 - 3) are included. Said epoxy ingredient, 
[Formula 14] 



R.-O- 



r 



-H 



(7) 
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(structural-formula (7) C is an alky! group of 1-10, or H, and inside and R_ are with n= 1 - 24), 

y 

[Formula 15] 




(structural-formula (8) The inside n= 1 - 8), [Formula 16] 

CHs-CH-CH,-0 --^O^C — 0-^CH,-CH-CH, (16) 



CH, 



(structural-formula (15) The inside n= 1 - 3), [Formula 17] 

It is preferred that one or more compounds chosen from a group are included. As the 
compound to which it is preferred that a compound to which a hydrogen content of this 
constituent is made to increase is included further as for a constituent for neutron shielding 
materials of this invention, and said hydrogen content is made to increase furthermore, 
[Formula 18] 



HO--^ ^ — C — ^ ^ — 0--H 



I 



(9) 



HO-CHa — ^jj^CHj-OH (10) 

(structural-formula (9) It is preferred inside that at least one or more sorts of n= 1 - 3) are 
included. It is preferred that an oxetane compound is included as a polymerization component, 
and an oxetane compound, [Formula 19] 

Hz H2 Hj Hz 

h/VvV^ch. (19) 

V 



Cd^CHa « — 9 Ct^pCHi 



** ~ it is preferred that at least one or more sorts are included among them. It is preferred that 
said polymerization initiator contains a cationic initiator, and said cationic initiator, [Formula 20] 
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'11 



(11) 



'to 




Q-\ — CH,^S 




• X- (16) 



OR, 



(R^Q among a structural formula (11) and a structural formula (16)) they are a hydrogen atom, 
a halogen atom, a nitro group, and a methyl group - R.. - a hydrogen atom, CH CO, CH 



bulking agent is included further, it is preferred that a fire refractory material is included further, 
and it is preferred that said fire refractory material contains at least one or more sorts of 
magnesium hydroxide and aluminium hydroxide. This invention provides further a neutron 
shielding material and a neutron shield vessel which were manufactured with a constituent for 
neutron shielding materials. A compound to which the constituent of this invention can 
polymerize with a polymerization initiator, and since a reaction advances with an epoxy 
ingredient and a polymerization initiator preferably and a hardening agent of a weak amine 
system is not included in heat, a cask made from a constituent of this invention is that whose 
heat resistance improved. A hydrogen content in a constituent has also satisfied a reference 
value, and shielding performance of a neutron is also secured. 
[0010] 

[A mode of implementation of an invention] Below, a mode of operation of this invention is 
explained in detail. A mode of operation explained below does not limit this invention. A 
polymerization component means a compound which can polymerize with a polymerization 
initiator through this invention. In particular, in this invention, the following epoxy ingredients 
and oxetane ingredients are included as a polymerization component. An epoxy ingredient 
means a compound (henceforth an epoxy compound) which has an epoxy ring, and also when 
it is one kind of epoxy compound, and also when it is a mixture of two or more kinds of epoxy 
compounds, it contains. A compound which has an oxetane ring similarly is called oxetane 
compound, and also when it is one kind of oxetane compound, and also when it is a mixture of 
two or more kinds of oxetane compounds, it contains. A resinous principle means what set a 
thing which united the above polymerization components and a polymerization initiator 
ingredient and a compound which makes a hydrogen content increase to these, for example, 
diol etc. 
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[001 1]ln this invention, it nnal<es it possible to nnal^e it liarden witliout using a hardening agent 
which has a w/eak amine portion in heat a connpound in which cationic polymerization is 
possible, and by adding a polymerization initiator ingredient to an epoxy compound, oxetane 
compounds, or those both especially. In order that the conventional constituent might use an 
amine compound for a hardening agent, heat-resistant resolvability under a high temperature 
state fell heat resistance, especially over a long period of time. In this invention, without using 
such a hardening agent, by making hardening possible, resin in which a connecting part of 
carbon and nitrogen which combination tends to disassemble by a high temperature state does 
not exist can be obtained, and big heat resistance can be expected. Therefore, since there is 
no heat-resistant fall accompanying hardening agent use like before, there is an advantage 
that character of requests, such as the amount of hydrogenation and heat resistance, can be 
added by selection of a polymerization component. 

[001 2]A constituent with high hydrogen content this invention is characterized by that 

comprises the following. 

Polymerization component. 

Polymerization initiator ingredient. 

A boron compound which is a neutron absorption agent. 

It is a constituent containing a fire refractory material, when it is made to harden and is 
considered as resin, it excels in heat resistance, and it is a high neutron shielding effect. 
Specifically, a constituent of this invention is asked for a liydrogen content preferably occupied 
to not less than 350 ** and the whole resinous principle being preferred, and not less than 330 
** of temperature of 90 % of the weight of weight survival rates by thermogravimetric analysis 
of a hardened material being 9.8 % of the weight or more still more preferably 9.0% of the 
weight or more. This is because reservation of a neutron shielding effect made into the 
purpose by adjustment of a fire refractory material fill ration, etc. is expectable, if a hydrogen 
content is 9.0 % of the weight or more. 

[0013]lt is so good that weight loss of a hardened material after heat durability under elevated- 
temperature sealing environment and a fall of compressive strength are small more particularly 
for a long period of time in addition to this, For example, it is called for that compressive 
strength is not falling 0.2 or less % of the weight preferably 0.5 or less % of the weight, or a 
rate of weight loss after sealing heat durability of 190 **x1000hr is rising rather most 
preferably. 

[0014]lt is preferred to use a heat-resistant high compound for a polymerization component of 
this invention. Not less than 100 ** of epoxy compounds are preferably used from a viewpoint 
that heat resistance in near 200 ** is especially preferably required. 
[001 5]A compound which has an epoxy ring which can polymerize using a polymerization 
initiator ingredient of a cation system is used for an epoxy ingredient of this invention. In order 
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to raise heat resistance, it is preferred tliat crosslinl<ing density of an epoxy ingredient is high. 
Since it will become a firm structure if many ring structures are included, heat resistance can 
be raised. The benzene ring is mentioned to a ring structure, for example. The benzene ring is 
upright, and although excelled in heat resistance, since there is little content of hydrogen with a 
role which slows down a neutron in this invention, a compound which carried out 
hydrogenation to the benzene ring is still more preferred. As a heat-resistant upright high 
structure, [Formula 21] 




It comes out and the structure shown is preferred. Since it is preferred to contain more 
hydrogen, [Formula 22] 

--CHD- '''' 

it comes out and the structure shown is the most preferred. The epoxy compound which has 
such a ring structure that added hydrogen to the benzene ring is called hydrogenation type 
epoxy compound through this specification. A hydrogenation type epoxy compound has an 
existing heat-resistant structure, and since hydrogen content is high, it is the most preferred as 
an epoxy compound of this invention. 

[0016]An epoxy ingredient may mix two or more epoxy compounds [ epoxy compound / one 
kind of ]. An epoxy compound is chosen so that performance of requests, such as heat 
resistance and an increase in a hydrogen content, can be given. 

[0017]quantity with a sufficient presentation of these epoxy ingredients for a hydrogen content 
of a resinous principle to cover a neutron ~ it determines to become 9.8% of the weight or 
more still more preferably 9.0% of the weight or more preferably. Neutron shielding 
performance of a neutron shielding material is determined by a hydrogen content (density) of a 
neutron shielding material, and thickness of a neutron shielding material. This value based on 
a hydrogen content (density) required of a neutron shielding material determined from design 
thickness of a neutron shielding material of neutron shielding performance and a cask for 
which a cask is asked. It is based on a value which computed a hydrogen content for which a 
resinous principle is asked in consideration of loadings of a fire refractory material kneaded by 
neutron shielding material or a neutron absorber. 

[0018]From such a viewpoint, it is a compound which carries out two or more owners of the 
epoxy ring preferably, and has a ring structure which is expressed with an upright structure, a 
structural formula (12), or a structural formula (13), and a compound with many hydrogen 
contents is suitable as an epoxy ingredient of this invention. Generally it is expressed with a 
structural formula (1) by such epoxy ingredient, and X in a formula, Structural formula (2) (R 
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in a formula - R^) Independently, it is chosen fronn CH^, H, F, CI, and Br, and is a certain 

structural formula (3) (Rg in a formula - Rg) at n= 0-2, respectively, it is independently chosen 

from CHg, H, F, CI, and Br, respectively, and is n= 0-2 ~ it is preferred to be chosen from a 

structural formula (4), a structural formula (5), (the inside of a formula and n= 1-12), and the 
structural formula (6), and (the inside of a formula and n= 1-24). 

[0019]Especially, hydrogenation bisphenol A type epoxy expressed with a structural formula 
(14) is used as a most suitable and important epoxy ingredient from balance of a hydrogen 
content and heat resistance. 

[0020]As an ingredient for furthermore giving heat resistance, bisphenol A type epoxy 
(structural formula (15)) can be added. It is because it has the benzene ring and has an upright 
structure, a structural formula (7) from a viewpoint that crosslinking density is high and heat 

resistance is good ~ (among a formula, C is an alky! group of 1-10, or H, and, as for R., it is 

y 

preferred to add n= 1 - 24), a structural formula (8), (the inside of a formula and n= 1-8), or a 
structural formula (17). 

[0021]Therefore, it becomes possible to consider it as a constituent which has a desired 
hydrogen content and heat resistance by mixing and using at least one or more compounds 
chosen from a group which becomes a structural formula (14) from a structural formula (15), a 
structural formula (7), a structural formula (8), and a structural formula (17), for example. 
Therefore, an epoxy ingredient of this invention contains an epoxy compound shown with a 
structural formula (14), further, may also contain a structural formula (15), structural formulae 
(7), structural formulae (8), and all the structural formulae (17), and may also include a part of 
them. All the combination considered using these epoxy compounds is possible. 
[0022]ln this case, it is preferred that hydrogenation bisphenol A type epoxy of a structural 
formula (14) is included 70% of the weight or more to the whole resinous principle, As for 
screw A type epoxy of a structural formula (15), it is preferred that a structural formula (8) 
contains a structural formula (7) at 30 or less % of the weight, and is included at 25 or less % 
of the weight, and a structural formula (17) is included in 30 or less % of the weight of quantity 
20 or less % of the weight. 

[0023]From a viewpoint of increasing especially the amount of hydrogenation, an oxetane 
compound can be used as a polymerization component. Cationic polymerization is possible for 
an oxetane compound like epoxy, and it is abundant in hydrogen contents, and heat resistance 
can also expect it to some extent. 

[0024]An oxetane compound is generally a structural formula (18). 
[Formula 23] 

CHa^CHa ^^^^ 
O 
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(- a structural formula - (- 18 -) - inside - R - - R - - respectively - independently - 

H - halogen - C ~ one - eight ~ alkyi ~ alcohol -- others - carbon ~ hydrogen ~ oxygen ~ 
from - becoming ~ an organic compound -- containing - structure - it is ~) ~ expressing ~ 
having . The oxetane compound used by this invention may be a compound which has two or 
more oxetane rings via an ether bond or the benzene ring. 

[0025]Specifically as an oxetane compound used for this invention, a structural formula (19) 
and a structural formula (20) are preferred. A compound which has at least two or more 
oxetane rings, for example via an ether bond, a ring structure, etc. is preferred like a structural 
formula (19) instead of what is limited to these. It is because heat-resistant grant by 
improvement in crosslinking density is expectable by many oxetane rings being included. 
Since a constituent of this invention is especially asked for heat-resistant grant, to it, an 
oxetane compound which has many ring structures, much branching structure, etc. is 
preferred. 

[0026]An oxetane ingredient can also be independently used as a polymerization component, 
without using an epoxy compound. Two or more oxetane compounds can also be used. It can 
use as a polymerization component used together with arbitrary epoxy ingredients. For 
example, as a combination of a desirable polymerization component. It is possible to use an 
oxetane ingredient of a structural formula (19), an epoxy ingredient of a structural formula (7) 
and an oxetane ingredient of a structural formula (19), an epoxy ingredient of a structural 
formula (8) and an oxetane ingredient of a structural formula (19), an epoxy ingredient of a 
structural formula (17), etc. 

[0027]As an example of composition ratio of a polymerization component using an oxetane 
compound, what contains 85.5 % of the weight and a structural formula (15) 14.5% is 
mentioned in a structural formula (19). Or what contains 20.0 % of the weight and a structural 
formula (7) 6.0% is mentioned [ structural formula / 74.0 % of the weight and / (20) ] in a 
structural formula (19). 

[0028]Although it is classified into a radical system, an anionic system, a cation system, etc. 
and a large number are reported by literature etc. as a polymerization initiator, respectively, in 
this invention, a polymerization initiator of a cation system is used preferably. An example of a 
thing prominent as a polymerization initiator of a cation system is shown in Table 1. As a cation 
system thermal polymerization initiator which can make a polymerization start with heat, 
OPUTON CP series of Asahi Denka Kogyo K.K., SI series of 3 Japanese Federation of 
Chemical Industry Workers' Unions, Inc., and DAICAT EX-1 grade of Daicel Chemical 
Industries, Ltd. are mentioned. Although it is possible to use these polymerization initiators in 
this invention, it is not limited to them. 
[0029] 
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[Table 1] 



mm 



X" 



X-SbFe 
UVI-6974 

UVI-6S90 



UCC 
UCC 



PFg- ^ 

■MP), 



X=SbFj XsPFj 

UVl-6970. UVI-B950 Jglgft 

(SP-170} (SP-150) 




DegacurBK12G 
FX-S12 



Degussa 
3M 



PIC-061T Pic-oeaT 



QHa PFj" 



SbF. 



SbFg' 



■OC,oH2i 




UV-93S0C 



IOC-10 



CD-1012 



2074 



GE 



GE 



Sajtomer 



Rhone-Poulenc Chimie 



PhaSiO-CHj-^ 



liuga-cure 261 Chiba-Geigy 



3IE3E 



O2N 



[0030]As a polymerization initiator, a connpound shown with a structural formula (11) or a 
structural formula (16) is added preferably. When the whole resinous principle is made into 100 
weight sections, as for a polymerization initiator, it is preferred to add by 0.5 to 6 weight 
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section, and it is still more preferred to add by one to 3 weight section. It is because there is a 
possibility of making a hydrogen content to the whole constituent falling when it adds too much 
not much mostly. 

[0031]ln order to make a hydrogen content increase to the constituent of this invention, it is a 
compound which does not have an epoxy ring and it is also possible to add the compound 
containing many hydrogen. Since there is a limit in increasing a hydrogen content only with an 
epoxy compound, these compounds can be added in option, when hydrogen contents run 
short. At this time, it is necessary to choose a compound so that the compound to add may not 
change the physical properties of the whole system of a constituent a lot. For example, since 
the polymerization reaction of an epoxy ingredient will not advance to it if the compound of an 
amine system is mixed to the constituent containing the polymerization initiator of a cation 
system of this invention, an amine compound cannot be added to it. As a result of inquiring in 
consideration of such a point, as a compound for making a hydrogen content increase, diol is 
suitable, for example. 

[0032]Although it can apply if an epoxy ingredient and a polymerization are possible meltable 
to an epoxy ingredient, and aliphatic series diol, aromaticdiol, the diol that has fat ring 
structure, polyol, etc. can be used as diol, it is not limited to these. From the increase in a 
hydrogen content, and a point of control of a heat-resistant fall, the compound expressed with 
the diol which has fat ring structure preferably, for example, a structural formula, (9), and a 
structural formula (10) is used. As for the addition of diol, it is preferred that it is 30 or less % of 
the weight to the whole resinous principle, and it is still more preferred that it is 20 or less % of 
the weight. 

[0033]lt is also possible to use the alcohols of the polyfunctional mold of three or more organic 
functions, etc. as a thing which is not limited to diol but can expect the same effect as the 
oxetane and vinyl ether in which cation hardening is possible, and diol as a compound for 
making the hydrogen content of a constituent increase. 

[0034]Although boron carbide, boron nitride, anhydrous boric acid, boron iron, an ashes Howe 
stone, orthoboric acid, metaboric acid, etc. are among the boron compounds used as a 
neutron absorption agent of the constituent of this invention, boron carbide is the most 
preferred in respect of neutron shielding performance. 

[0035]Although powder is used as for the above-mentioned boron compound, there is no 
restriction in particular in the particle size and addition. However, if the dispersibility in the 
epoxy resin of matrix resin and the cover nature to a neutron are taken into consideration, 
about 1-200 microns of mean particle diameter are preferred, its about 10-100 microns are 
more preferred, and especially its about 20-50 microns are preferred. On the other hand, 0.5 
thru/or 20% of the weight of the range of an addition is the most preferred to the whole 
constituent also including the below-mentioned bulking agent. At less than 0.5 % of the weight. 
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when the effect as a neutron shielding material of the added boron compound is low and 
exceeds 20 % of the weight, it becomes difficult to distribute a boron compound uniformly. 
[0036]Glass fiber besides powder, such as silica, alumina, calcium carbonate, antimonous 
oxide, titanium oxide, asbestos, clay, and mica, etc. is used for this invention as a bulking 
agent, and carbon fiber etc. may be added if needed. If needed Natural wax as a release 
agent, metal salt of fatty acid. The chloroparaffin as fire retardant, such as acid amides and 
fatty acid ester, bromine toluene, hexa bromobenzene, antimonous oxide, etc. can add the 
others, a silane coupling agent, a titanium coupling agent, etc. which are carbon black as 
colorant, red ocher, etc. 

[0037]Even when a fire is encountered, the fire-resistant agent used in the constituent 
concerning this invention should aim at making a neutron shielding material remain above to 
some extent so that the above neutron shield capability can be maintained to some extent. 
Especially as such a fire refractory material, it is preferred to use magnesium hydroxide and 
aluminium hydroxide. Especially, since magnesium hydroxide exists stably also at nearly 200 
elevated temperatures, it is especially preferred. As for the addition of these fire-resistant 
agent, 20 to 70 % of the weight is preferred among the above-mentioned whole constituent, 
and especially its 35 to 60 % of the weight is preferred. 

[0038]The constituent of this invention is adjusted by adding a polymerization initiator at the 
last, after carrying out after mixing a polymerization component, for example, an epoxy 
ingredient, and other additive agents, preparing a resin composition and kneading this, a fire 
refractory material, a neutron absorber, etc. As polymerization conditions, although it changes 
also with presentations of a resinous principle, on temperature conditions (50 ** - 200 **), it is 
preferred to perform heating for 1 hour - 3 hours. It is preferred to perform such heat-treatment 
in two steps, after heating at 80 ** - 120 ** for 1 hour - 2 hours, it is 120 ** - 180 **, and it is 
preferred to heat-treat from 2 hours for 3 hours, but it is not limited to this, such as a preparing 
method and curing conditions. 

[0039]the container for covering the neutron of spent reactor fuel effectively and doing storage 
and transportation of it ~ a cask can be manufactured preferably. Such a cask for 
transportation can be manufactured using known art. For example, the part filled up with a 
neutron shield is established in the cask indicated by JP,2000-9890,A. Such a part can be 
filled up with the constituent of this invention. 

[0040]Without being limited to the screen in such a cask, in the device and institution which 
prevent diffusion of a neutron, the constituent of this invention can be used for various parts, 
and can cover a neutron effectively. 
[0041] 

[Example]An example is used for below and this invention is explained to it in detail. The 
following examples do not limit this invention. 
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[0042]ln the example, the constituent of this invention was prepared and the neutron shielding 
effect was investigated. Usually, to the resin composition for neutron shielding materials, boron 
compounds, such as boron carbide, are mixed for aluminium hydroxide, magnesium 
hydroxide, etc. as a fire refractory material, about 1% of the weight of the whole is mixed as 
about 60 whole % of the weight and neutron absorption agent, and a neutron shielding 
material is produced to it. However, the fire refractory material and the neutron absorption 
agent centered on what is not added here that the performance by a resinous principle, i.e., a 
polymerization component, a polymerization initiator ingredient, etc., should be evaluated. 
[0043]As performance for which a neutron shielding material is asked, there are heat 
resistance (a weight survival rate, compressive strength, etc.), refractoriness, a hydrogen 
content (a certain thing is [ more than constant rate that has the hydrogen content density in 
material as a judgment rule of thumb of the fitness as neutron cover ] needed), etc. Since the 
portion by a fire refractory material was size, refractoriness evaluated the heat resistance and 
the hydrogen content which are seen to a weight survival rate as evaluation of the resin 
composition for neutron shielding materials. A weight survival rate evaluates the heat 
resistance by measuring the weight change at the time of temperature up. For measurement, 
the measuring condition of thermo gravity reduction measured even room temperature -600 ** 
under the heating rate of 10 ** / min, and a nitrogen atmosphere using TGA. As a reference 
value of the hydrogen content for which resin is asked, the hydrogen content in the inside of a 
resin simple substance was made into about 9.8 % of the weight or more. 
[0044][Example 1] - as an epoxy resin - a hydrogenation bisphenol A type epoxy resin (the 
product made from Oil recovery Shell Epoxy.) It was considered as the resin composition 
which is stirred well and used for neutron shielding materials until it added cation system 
polymerization initiator SI-80 [ 1g ] (structural formula (11)) in YL6663 and 100 g of structural 
formulae (14) and the polymerization initiator dissolved in them. As a result of measuring the 
hydrogen content of the above-mentioned resin composition for neutron shielding materials, 
the hydrogen content was satisfied with 9.8 % of the weight or more (about 1 0 % of the weight 
or more) of the reference value. Next, the constituent was stiffened by 80 **x30min+150 
**x2hr, and thermo gravity reduction of the hardened material was measured by TGA. The 
measuring condition of thermo gravity reduction measured even RT-600 ** under the heating 
rate of 10 ** / min, and a nitrogen atmosphere. The temperature of 99.5 % of the weight or 
more of weight survival rates in 200 ** and 90 % of the weight of weight survival rates showed 
not less than 350 **, very good heat resistance, and thermal stability as a result of 
measurement. 

[0045][Example 2] As an epoxy resin, 84.6 g of hydrogenation bisphenol A type epoxy resins 
(YL6663, structural formula (14)), Cation system polymerization initiator SI-80 [ 1g ] (structural 
formula (11)) is added to what mixed 15.4 g of bisphenol A type epoxy resins (the product 
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made from Oil recovery Shell Epoxy, Epicoat 828, structural formula (15)), It was considered 
as the resin composition which is stirred well and used for neutron shielding materials until the 
polymerization initiator dissolved. As a result of measuring the hydrogen content in a resin 
composition by the same method as Example 1, the hydrogen content was satisfied with about 
9.8 % of the weight of the reference value. On the other hand, the above-mentioned resin 
composition for neutron shielding materials is stiffened by 80 **x30min+150 **x2hr. As a result 
of measuring thermo gravity reduction by the same method as Example 1 , the temperature of 
99.5 % of the weight or more of weight survival rates in 200 ** and 90 % of the weight of 
weight survival rates showed not less than 380 **, very good heat resistance, and thermal 
stability. 

[0046] [Example 3] As an epoxy resin, 74.8 g of hydrogenation bisphenol A type epoxy resins 
(YL6663, structural formula (14)), 25.2 g of polyfu notional alicycle type epoxy resins (the 
product made from Die Cell Chemicals, EHPE3150, structural formula (7)) were mixed, and it 
stirred well until it held at 1 10 ** and EHPE3150 (solid) dissolved. It was neglected to the room 
temperature after the EHPE3150 dissolution, when temperature fell to near a room 
temperature, cation system polymerization initiator SI-80 [ 1g ] (structural formula (11)) was 
added, and it was considered as the resin composition which is stirred well and used for 
neutron shielding materials until the polymerization initiator dissolved. As a result of measuring 
the hydrogen content in a resin composition, the hydrogen content was satisfied with about 9.8 
% of the weight of the reference value. On the other hand, the above-mentioned resin 
composition for neutron shielding materials is stiffened by 80 **x30min+150 **x2hr, As a result 
of measuring thermo gravity reduction by the same method as Example 1, the temperature of 
about 99.5 % of the weight of weight survival rates in 200 ** and 90 % of the weight of weight 
survival rates showed not less than 390 **, very good heat resistance, and thermal stability. 
[0047][Example 4] As an epoxy resin, 79.4 g of hydrogenation bisphenol A type epoxy resins 
(YL6663, structural formula (14)), Cation system polymerization initiator SI-80 [ 1g ] (structural 
formula (11)) was added to what mixed 20.6 g of alicycle type epoxy resins (the product made 
from Die Cell Chemicals, the SEROKI side 2021 P, a structural formula (8)), and it was 
considered as the resin composition which is stirred well and used for neutron shielding 
materials until the polymerization initiator dissolved. As a result of measuring the hydrogen 
content in a resin composition, the hydrogen content was satisfied with about 9.8 % of the 
weight of the reference value. On the other hand, the above-mentioned resin composition for 
neutron shielding materials is stiffened by 80 **x30min+150 **x2hr, As a result of measuring 
thermo gravity reduction by the same method as Example 1, the temperature of 99.5 % of the 
weight or more of weight survival rates in 200 ** and 90 % of the weight of weight survival 
rates showed not less than 370 **, very good heat resistance, and thermal stability. 
[0048][Example 5] As an epoxy resin, 8.23 g of hydrogenation bisphenol A type epoxy resins 
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(YL6663, structural formula (14)), and 8.85 g of bisphenol A type epoxy resins (Epicoat 828, 
structural formula (15)), Cation system polymerization Initiator SI-80 [ 1g ] (structural formula 
(11)) was added to what mixed 8.85 g of allcycle type epoxy resins (the SEROKI side 2021 P, a 
structural formula (8)), and It was considered as the resin composition which Is stirred well and 
used for neutron shielding materials until the polymerization Initiator dissolved. As a result of 
measuring the hydrogen content In a resin composition, the hydrogen content was satisfied 
with about 9.8 % of the weight of the reference value. On the other hand, the above-mentioned 
resin composition for neutron shielding materials Is stiffened by 80 **x30mln+150 **x2hr. As a 
result of measuring thermo gravity reduction by the same method as Example 1 , the 
temperature of 99.5 % of the weight or more of weight survival rates In 200 ** and 90 % of the 
weight of weight survival rates showed not less than 380 **, very good heat resistance, and 
thermal stability. 

[0049] [Exam pie 6] as an epoxy resin. 80.9 g of hydrogenation bisphenol A type epoxy resins 
(YL6663, structural formula (14)), 9.55 g of bisphenol A type epoxy resins (Epicoat 828, 
structural formula (15)), and 9.55 g of polyfunctional allcycle type epoxy resins (EHPE3150, 
structural formula (7)) are mixed, It stirred well until it held at 1 10 ** and EHPE3150 (solid) 
dissolved. It was neglected to the room temperature after the EHPE3150 dissolution, when 
temperature fell to near a room temperature, cation system polymerization initiator SI-80 [ 1g ] 
(structural formula (11)) was added, and it was considered as the resin composition which is 
stirred well and used for neutron shielding materials until the polymerization initiator dissolved. 
As a result of measuring the hydrogen content in a resin composition, the hydrogen content 
was satisfied with about 9.8 % of the weight of the reference value. On the other hand, the 
above-mentioned resin composition for neutron shielding materials is stiffened by 80 
**x30min+150 **x2hr, As a result of measuring thermo gravity reduction by the same method 
as Example 1 , the temperature of 99.5 % of the weight or more of weight survival rates in 200 
** and 90 % of the weight of weight survival rates showed not less than 390 **, very good heat 
resistance, and thermal stability. 

[0050][Example 7] ~ as an epoxy resin ~ 77.3 g of hydrogenation bisphenol A type epoxy 
resins (YL6663, structural formula (14)), and an allcycle type epoxy resin (the SEROKI side 
2021 P.) 1 1.35 g of polyfunctional alicycle type epoxy resins (EHPE3150, structural formula (7)) 
were mixed with 1 1.35 g of structural formulae (8), and it stirred well until it held at 110** and 
EHPE3150 (solid) dissolved. It was neglected to the room temperature after the EHPE3150 
dissolution, when temperature fell to near a room temperature, cation system polymerization 
initiator SI-80 [ 1g ] (structural formula (11)) was added, and it was considered as the resin 
composition which is stirred well and used for neutron shielding materials until the 
polymerization initiator dissolved. As a result of measuring the hydrogen content in a resin 
composition, the hydrogen content was satisfied with about 9.8 % of the weight of the 
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reference value. As a result of stiffening the above-nnentioned resin connposition for neutron 
shielding materials by 80 **x30min+150 **x2hr and nneasuring thernno gravity reduction on the 
other hand, the temperature of 99.5 % of the weight or more of weight survival rates in 200 ** 
and 90 % of the weight of weight survival rates showed not less than 390 **, very good heat 
resistance, and thermal stability. 

[0051] [Exam pie 8] - as an epoxy resin - 80.38 g of hydrogenation bisphenol A type epoxy 
resins (YL6663, structural formula (14)), and 6.54 g of bisphenol A type epoxy resins (Epicoat 
828, structural formula (15)) and an alicycle type epoxy resin (the SEROKI side 2021 P.) 6.54 g 
of polyfunctional alicycle type epoxy resins (EHPE3150, structural formula (7)) were mixed with 
6.54 g of structural formulae (8), and it stirred well until it held at 1 10 ** and EHPE3150 (solid) 
dissolved. It was neglected to the room temperature after the EHPE3150 dissolution, when 
temperature fell to near a room temperature, cation system polymerization initiator SI-80 [ 1g ] 
(structural formula (11)) was added, and it was considered as the resin composition which is 
stirred well and used for neutron shielding materials until the polymerization initiator dissolved. 
As a result of measuring the hydrogen content in a resin composition, the hydrogen content 
was satisfied with about 9.8 % of the weight of the reference value. On the other hand, the 
above-mentioned resin composition for neutron shielding materials is stiffened by 80 
**x30min+150 **x2hr, As a result of measuring thermo gravity reduction by the same method 
as Example 1 , the temperature of 99.5 % of the weight or more of weight survival rates in 200 
** and 90 % of the weight of weight survival rates showed not less than 400 **, very good heat 
resistance, and thermal stability. 

[0052][Example 9] As an epoxy resin, 63.8 g of hydrogenation bisphenol A type epoxy resins 
(YL6663, structural formula (14)), It stirred welt until it mixed 10 g, it held 26.2 g of alicycle type 
epoxy resins (the SEROKI side 2021 P, a structural formula (8)), and a hydrogenation 
bisphenol (the New Japan Chemical Co., Ltd. make, Rika Vinol HB, structural formula (9)) at 
100 ** and Rika Vinol HB (solid) dissolved. It was neglected to the room temperature after the 
Rika Vinol HB dissolution, when temperature fell to near a room temperature, cation system 
polymerization initiator SI-80 [ 1g ] (structural formula (11)) was added, and it was considered 
as the resin composition which is stirred well and used for neutron shielding materials until the 
polymerization initiator dissolved. As a result of measuring the hydrogen content in a resin 
composition, the hydrogen content was satisfied with about 9.8 % of the weight of the 
reference value. On the other hand, the above-mentioned resin composition for neutron 
shielding materials is stiffened by 80 **x30min+150 **x2hr, As a result of measuring thermo 
gravity reduction by the same method as Example 1 , the temperature of about 99.5 % of the 
weight of weight survival rates in 200 ** and 90 % of the weight of weight survival rates 
showed not less than 380 **, very good heat resistance, and thermal stability. 
[0053][Example 10] As an epoxy resin, 66.1 g of hydrogenation bisphenol A type epoxy resins 
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(YL6663, structural formula (14)), and 23.9 g of alicycle type epoxy resins (the SEROKI side 
2021 P, a structural formula (8)), 10 g of cyclohexane dimethanol (the Tokyo Kasei Kogyo Co., 
Ltd. make, structural formula (10)) was mixed, and it stirred well until it held at 100 ** and 
cyclohexane dimethanol (the shape of a wax) dissolved. It was neglected to the room 
temperature after the cyclohexane dimethanol dissolution, when temperature fell to near a 
room temperature, cation system polymerization initiator SI-80 [ 1g ] (structural formula (11)) 
was added, and it was considered as the resin composition which is stirred well and used for 
neutron shielding materials until the polymerization initiator dissolved. As a result of measuring 
the hydrogen content in a resin composition, the hydrogen content was satisfied with about 9.8 
% of the weight of the reference value. As a result of stiffening the above-mentioned resin 
composition for neutron shielding materials by 80 **x30min+150 **x2hr and measuring thermo 
gravity reduction on the other hand, the temperature of about 99.5 % of the weight of weight 
survival rates In 200 ** and 90 % of the weight of weight survival rates showed not less than 
380 **, very good heat resistance, and thermal stability. 

[0054][Example 1 1] Here, the neutron shielding material which mixed further the neutron 
absorption agent and the fire refractory material was evaluated, as an epoxy resin - 80.38 g of 
hydrogenatlon bisphenol A type epoxy resins (YL6663, structural formula (14)), and 6.54 g of 
bisphenol A type epoxy resins (Epicoat 828, structural formula (15)) and an alicycle type epoxy 
resin (the SEROKI side 2021 P.) 6.54 g of polyfu notional alicycle type epoxy resins 
(EHPE3150, structural formula (7)) were mixed with 6.54 g of structural formulae (8), and It 
stirred well until It held at 110** and EHPE3150 (solid) dissolved. After the EHPE3150 
dissolution, 146.5 g and 3.5 g of boron carbide were mixed and stirred, and 170 **x2hr 
maintenance of the magnesium hydroxide was carried out. When It allowed to stand at the 
room temperature after 170 **x2hr maintenance and the temperature of the mixture turned Into 
a room temperature grade, 2g was easy to add, cation system polymerization Initiator SI-80 
(structural formula (11)) was stirred, and it was considered as the constituent for neutron 
shielding materials. As a rule of thumb of the hydrogen content for which a neutron shielding 

material Is asked, hydrogen content density is more than 0.096 g/cm . As a result of 
measuring the hydrogen content density of the prepared neutron shielding material constituent, 

3 

the reference value was satisfied above 0.096 g/cm . The hydrogen content in the resinous 
principle measured separately was 9.8 % of the weight or more. On the other hand, the above- 
mentioned resin composition for neutron shielding materials was stiffened by 170 **x4hr, and 
as a result of measuring thermo gravity reduction by the same method as Example 1, the 
temperature of 99.5 % of the weight or more of weight survival rates in 200 ** and 90 % of the 
weight of weight survival rates showed not less than 400 **, very good heat resistance, and 
thermal stability. The heat-resistant durability test of 190 **x1000hr was done after sealing the 
above-mentioned hardened material hermetically in a well-closed container. Compressive 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip 9/29/2008 



JP,2003-066189,A [DETAILED DESCRIPTION] 



Page 18 of 21 



strength rose by 1.4 or more times compared with examination before, and showed the 
endurance whose rate of weight loss is also very good at about 0.1%. 
[0055][Example 12] - as an epoxy resin - 63.8 g of hydrogenation bisphenol A type epoxy 
resins (YL6663, structural formula (14)), and an alicycle type epoxy resin (the SEROKI side 
2021 P.) 10 g of hydrogenation bisphenols (Rika Vinol HB, structural formula (9)) were mixed 
with 26.2 g of structural formulae (8), and it stirred well until it held at 100 ** and Rika Vinol HB 
(solid) dissolved. After the Rika Vinol HB dissolution, 146.5 g and 3.5 g of boron carbide were 
mixed and stirred, and 170 **x2hr maintenance of the magnesium hydroxide was carried out. 
When it allowed to stand at the room temperature after 170 **x2hr maintenance and the 
temperature of the mixture turned into a room temperature grade, 2g was easy to add, cation 
system polymerization initiator SI-80L (structural formula (11)) was stirred, and it was 
considered as the constituent for neutron shielding materials. As a rule of thumb of the 
hydrogen content for which a neutron shielding material is asked, although hydrogen content 

3 

density was more than 0.096 g/cm , as a result of measuring the hydrogen content density of 
the prepared neutron shielding material constituent, the reference value was satisfied above 

3 

0.096 g/cm . As a result of stiffening the above-mentioned resin composition for neutron 
shielding materials by 170 **x4hr and measuring thermo gravity reduction on the other hand, 
the temperature of about 99.5 % of the weight of weight survival rates in 200 ** and 90 % of 
the weight of weight survival rates showed not less than 380 **, very good heat resistance, and 
thermal stability. The heat-resistant durability test of 200 **x500hr was done after sealing the 
above-mentioned hardened material hermetically in a well-closed container. Compressive 
strength rose by 1.2 or more times compared with examination before, and showed the 
endurance whose rate of weight loss is also very good at about 0.1%. 
[0056]Next, as a comparative example, the performance of the neutron shielding material by 
the constituent used from the former was evaluated. The fire refractory material and the 
neutron absorption agent were not added like the example. The hydrogen content asked for 
thermo gravity reduction by measuring by TGA by component analysis like the example. 
[0057][Comparative example 1] 82.5 g of hydrogenation bisphenol A type epoxy resins (Oil 
recovery Shell Epoxy, YL6663) shown with the structural formula (14) same as an epoxy resin 
as Example 1, It was considered as the resin composition which stirs 17.5 g of 
isophoronediamine well as a hardening agent, and is used for neutron shielding materials. This 
shows the comparative example of the neutron shielding material using the hardening agent in 
comparison with this invention. As a result of measuring the hydrogen content in a resin 
composition, the hydrogen content was satisfied with 9.8 % of the weight or more of the 
reference value. On the other hand, the above-mentioned resin composition for neutron 
shielding materials is stiffened by 80 **x30min+150 **x2hr. As a result of measuring thermo 
gravity reduction by the same method as Example 1 , the temperature of about 99.5 % of the 
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weight of weight survival rates in 200 ** and 90 % of the weight of weight survival rates is 
about 300 **, and heat resistance and thermal stability were inferior as connpared with a group 
of an example. It differs greatly in that this presentation system uses an amine system 
hardening agent instead of a cation system polymerization initiator as compared with Example 
1. It turns out that heat resistance and thermal stability Improve by making It harden with a 
polymerization initiator like Example 1 from comparison with Example 1 and the comparative 
example 1 . 

[0058][Comparative example 2] It was considered as 81.4 g of bisphenol A type epoxy resins 
(Epicoat 828, structural formula (15)), and the resin composition which stirs 18.6 g of 
Isophoronediamine well as hardening agents, and is used for neutron shielding materials as an 
epoxy resin. As a result of measuring the hydrogen content in a resin composition, the 
hydrogen content was much less than the reference value at 8.2 or less % of the weight, and 
became In transit. As a result of stiffening the above-mentioned resin composition for neutron 
shielding materials by 80 **x30min+150 **x2hr and measuring thermo gravity reduction by the 
same method as Example 1 on the other hand, about 350 **, heat resistance, and thermal 
stability had a good temperature of about 99.5 % of the weight of weight survival rates In 200 
**, and 90 % of the weight of weight survival rates. Although this presentation system was 
good on heat resistance and a thermal stability target. It was unsuitable as a resin composition 
for neutron shielding materials from a point of a hydrogen content. It differs greatly In that this 
presentation system uses an amine system hardening agent Instead of a cation system 
polymerization Initiator as compared with the comparative example 2. Comparison of the 
comparative example 2 and the comparative example 3 also shows that heat resistance and 
thermal stability Improve by making It harden with a polymerization Initiator. 
[0059][Comparatlve example 3] It was considered as the resin composition which mixes and 
stirs a bisphenol A type epoxy resin (Epicoat 828, structural formula (15)) and the hardening 
agent of a polyamlne system at a rate of 1:1 (it becomes an equivalent amount 
stolchlometrlcally) as an epoxy resin, and is used for neutron shielding materlals.As a result of 
measuring the hydrogen content In a resin composition, the hydrogen content was satisfied 
with 9.8 % of the weight or more of the reference value. On the other hand, the above- 
mentioned resin composition for neutron shielding materials Is stiffened by 80 **x30mln+150 
**x2hr, As a result of measuring thermo gravity reduction by the same method as Example 1, 
the temperature of 99 or less % of the weight of weight survival rates In 200 ** and 90 % of the 
weight of weight survival rates Is 300 ** or less, and heat resistance and thermal stability were 
Inferior as compared with a group of an example. Although this presentation system Imitated 
the same system as the resin composition for neutron shielding materials currently used from 
the former, Although the comparative example 4 has fitness from a point of a hydrogen 
content, as compared with a group of an example, it is a low value, and a group of an example 
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is known by heat resistance and excelling in thernnal stability at heat resistance and a thernnal 
stability target. 

[0060][Comparative exannple 4] 81.7 g of epoxy resins (epoxy equivalent weight 190) with the 

structure which replaced OH of the both ends of a polypropylene glycol by glycidyl ether as an 

epoxy resin, respectively, It was considered as the resin connposition which stirs 18.3 g of 

isophoronediannine well as a hardening agent, and is used for neutron shielding nnaterials. As 

a result of nneasuring the hydrogen content in a resin composition, the hydrogen content was 

satisfied with 9.8 % of the weight or nnore of the reference value. On the other hand, the 

above-mentioned resin composition for neutron shielding materials is stiffened by 80 

**x30min+150 **x2hr. As a result of measuring thermo gravity reduction by the same method 

as Example 1, the temperature of 99.5 or less % of the weight of weight survival rates in 200 ** 

and 90 % of the weight of weight survival rates is less than about 250 **, and heat resistance 

and thermal stability were extremely inferior as compared with a group of an example. 

[0061][Comparative example 5] It was considered as 1, 78.5 g of 6 hexane diglycidyl ether 

(epoxy equivalent weight 155), and the resin composition that stirs 21.5 g of 

isophoronediamine well as hardening agents, and is used for neutron shielding materials as an 

epoxy resin. As a result of measuring the hydrogen content in a resin composition, the 

hydrogen content was satisfied with 9.8 % of the weight or more of the reference value. On the 

other hand, the above-mentioned resin composition for neutron shielding materials is stiffened 

by 80 **x30min+150 **x2hr. As a result of measuring thermo gravity reduction by the same 

method as Example 1, the temperature of 99.5 or less % of the weight of weight survival rates 

in 200 ** and 90 % of the weight of weight survival rates is less than 300 **, and heat 

resistance and thermal stability were inferior as compared with a group of an example. 

[0062][Comparative example 6] Here, the neutron absorption agent was added to the resinous 

principle of the conventional type, and the neutron shielding effect was evaluated. 146.5 g and 

3.5 g of boron carbide were mixed and stirred, and magnesium hydroxide was used as the 

constituent for neutron shielding materials what mixed and stirred 50 g of bisphenol A type 

epoxy resins (Epicoat 828, structural formula (15)), and the hardening agent 50g of a 

polyamine system as an epoxy resin. As a rule of thumb of the hydrogen content for which a 

neutron shielding material is asl<ed, although hydrogen content density was more than 0.096 
3 

g/cm , as a result of measuring the hydrogen content density of the prepared neutron shielding 

material constituent, the reference value was satisfied above 0.096 g/cm . On the other hand, 
the above-mentioned resin composition for neutron shielding materials is stiffened by 80 
**x30min+150 **x2hr, As a result of measuring thermo gravity reduction by the same method 
as Example 1 , the temperature of 99 or less % of the weight of weight survival rates in 200 ** 
and 90 % of the weight of weight survival rates is 300 ** or less, and heat resistance and 
thermal stability were inferior as compared with a group of an example. The heat-resistant 
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durability test of 190 **x1000lir was done after sealing the above-nnentioned hardened nnaterial 
hermetically in a well-closed container. Compressive strength fell 30 percent or more 
compared with examination before, and the endurance under hot environments became low. 
Although this presentation system imitated the same system as the constituent for neutron 
shielding materials currently used from the former, Although the comparative example 6 has 
fitness from a point of a hydrogen content, as compared with Example 1 1 and Example 12, it is 
a low value, and an example is known by heat resistance and excelling in thermal stability at 
heat resistance and a thermal stability target. 

[0063]When the same polymerization component compared from the above example and a 
comparative example, compared with the resin hardened with the amine system hardening 
agent, it turned out that the temperature at the 90 % of the weight of weight survival-rates time 
rises by 30-50 ** on the average, and has become a heat-resistant high thing by the resin 
hardened with the polymerization initiator of this invention. 
[0064] 

[Effect of the lnvention]The neutron shielding material obtained with the constituent for neutron 
shielding materials of this invention stiffens the existing heat-resistant polymerization 
component using a cation system polymerization initiator. Without using the hardening agent 
component which has combination which is easy to decompose under high temperature 
service, heat-resistant temperature rises and the constituent of this invention which can 
polymerize also secures a neutron shielding effect, when it hardens and is made into a 
shielding agent. Therefore, this invention can provide the constituent for neutron shielding 
materials which can be equal also to the storage over the long period of time of spent reactor 
fuel. 

[Translation done.] 
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